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[Title of the Document] SPECIFICATION 

[Title of the Invention] BLOOD WATER CONTENT DETECTION DEVICE AND 

HEMODIALYSIS TIMING DETERMINATION DEVICE 

[CLAIMS] 

5 [Claim 1] A blood water content detection device comprising: 

a pulse wave detection section which noninvasively detects a peripheral pulse 
wave; and 

an index extraction section which extracts an index which changes depending on a 
blood water content from the detected pulse wave. 
10 [Claim 2] The blood water content detection device as defined in claim 1 , 

wherein the index extraction section extracts the index based on a pulse height of a 
dicrotic notch in the pulse wave. 

[Claim 3] The blood water content detection device as defined in claim 2, 

wherein the index extraction section extracts as the index a first ratio of a pulse 
15 height of a first rise point of one cycle of the pulse wave and a pulse height of the 
dicrotic notch. 

[Claim 4] The blood water content detection device as defined in claim 1, 

wherein the index extraction section extracts the index based on a pulse height of 

an ejection wave in the pulse wave. 
20 [Claim 5] The blood water content detection device as defined in claim 4, 

wherein the index extraction section extracts a first ratio of a pulse height of a first 

rise point of one cycle of the pulse wave and a pulse height of the ejection wave. 

[Claim 6] The blood water content detection device as defined in claim 3 or 5, 

wherein the index extraction section further extracts a reference index which is 
25 less dependent on the blood water content than the first ratio, and outputs a ratio of the 

index to the reference index. 

[Claim 7] The blood water content detection device as defined in claim 6, 

wherein the index extraction section extracts as the reference index a second ratio 
of the pulse height of the first rise point of one cycle of the pulse wave and a pulse 
30 height of a dicrotic wave. 



[Claim 8] The blood water content detection device as defined in claim 1 , further 

comprising: 

a low-cut section which removes a low frequency component due to changes 
caused by activities of an autonomic nervous system (excluding movement of blood 
5 vessels) from the pulse wave detected by the pulse wave detection section. 

[Claim 9] The blood water content detection device as defined in claim 8, 

wherein the low-cut section further removes a low frequency component caused 
by body movement of a subject in a resting state. 

[Claim 10] The blood water content detection device as defined in claim 8 or 9, 
10 wherein the low-cut section sets the low-cut frequency range from 0.4 to 0.5 Hz. 

[Claim 11] The blood water content detection device as defined in any one of 
claims 8 to 10, 

wherein the low-cut section is formed of a bandpass filter which sets the high-cut 
frequency range from 16 to 30 Hz. 
15 [Claim 12] The blood water content detection device as defined in any one of 
claims 1, 8 to 10, further comprising: 

a first differentiation section which differentiates the pulse wave; and 

a second differentiation section which differentiates the pulse wave differentiated 
by the first differentiation section, wherein: 
20 a second differential waveform which is output from the second differentiation 

section has five inflection points having pulse heights "a" to "e" sequentially output on 
a time base within one cycle; and 

the index extraction section extracts the index based on at least one of the five 
pulse heights. 

25 [Claim 13] The blood water content detection device as defined in claim 12, 
wherein the index extraction section extracts a pulse height ratio (d/a). 
[Claim 14] The blood water content detection device as defined in claim 12, 

wherein the index extraction section extracts a pulse height ratio (b/a). 
[Claim 15] The blood water content detection device as defined in claim 12, 
30 wherein the index extraction section extracts a pulse height ratio [(d/a)/(b/a)]. 



[Claim 16] The blood water content detection device as defined in claim 12, 
wherein the index extraction section extracts a pulse height ratio [(d/a)/(c/a)]. 

[Claim 17] The blood water content detection device as defined in claim 12, 
wherein the index extraction section extracts a pulse height ratio [(b/a)/(c/a)]. 
5 [Claim 18] A hemodialysis timing determination device comprising: 

the blood water content detection device as defined in any one of claims 1 to 17; 

and 

a determination section which determines the timing of hemodialysis based on the 
output of the blood water content detection device. 
10 [Claim 19] The hemodialysis timing determination device as defined in claim 1 8, 

wherein the determination section compares the index output from the blood water 
content detection device with a comparative value corresponding to a blood water 
content upper limit, and determines the time when hemodialysis is necessary based on 
the comparison result. 

15 [Claim 20] The hemodialysis timing determination device as defined in claim 18, 
wherein the determination section compares the index output from the blood water 
content detection device with a comparative value corresponding to a blood water 
content lower limit, and determines the time when hemodialysis is completed based on 
the comparison result. 
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[Detailed Description of the Invention] 
[000 1 ] [Field of the Invention] 

The present invention relates to a device which detects the blood water 
content of a subject, and a hemodialysis timing determination device using the same. 
5 [0002] [Prior Art and Problems to be Solved by the Invention] 

Since a chronic dialysis patient cannot remove wastes and water, the patient 
must pay attention to daily life including intake of water and meals. Hemodialysis for 
a chronic dialysis patient is generally performed three times a week, in which three to 
four liters of water are removed for four to five hours. 
10 [0003] Since the patient cannot know the state inside the body after hemodialysis, 
the patient cannot but maintain precautions in daily life. Therefore, the daily life of the 
patient is restricted to a large extent. 

[0004] The patient must go to the hospital at a predetermined time and undergo 
periodic hemodialysis. However, the time at which the patient should undergo 
15 hemodialysis should vary depending on a change in immunity of the patient and the 
like. 

[0005] The present invention may provide a blood water content detection device 
which enables a change in state inside the body to be recognized after hemodialysis by 
detecting the blood water content of the chronic dialysis patient. 

20 [0006] The present invention may also provide a hemodialysis timing 
determination device capable of determining the time when hemodialysis is necessary 
or the time when hemodialysis is completed, based on the detected blood water content. 
[0007] [Means for Solving the Problems] 

According to one aspect of the present invention, there is provided a blood 

25 water content detection device comprising; a pulse wave detection section which 
noninvasively detects a peripheral pulse wave; and an index extraction section which 
extracts an index which changes depending on a blood water content from the detected 
pulse wave. 

[0008] The pulse wave detection section noninvasively detects the peripheral pulse 
30 wave by optically detecting the pulse wave of a subject or detecting the pulse wave 



from the pulse pressure. Since the index extracted by the index extraction section 
changes depending on the blood water content, the blood water content can be 
recognized from the index. 

[0009] As the index which changes depending on the blood water content, a pulse 
5 height of a dicrotic notch in the pulse wave can be given. The pulse height of the 
dicrotic notch in the pulse wave has a correlation with extensibility of blood vessels. 
Since extension of blood vessels is mainly caused by an increase in blood water content 
in the case of a chronic dialysis patient, the pulse height of the dicrotic notch in the 
pulse wave is suitable as the index which changes depending on the blood water 
10 content. 

[0010] Since the absolute value of the pulse height of a second differential 
waveform is unstable, a stable relative value may be used as the index. As the relative 
value used as the index, a ratio (or a first ratio) of a pulse height of a first rise point of 
one cycle of the pulse wave and a pulse height of the dicrotic notch can be given. 

15 [0011] As another index which changes depending on the blood water content, a 
pulse height of an ejection wave in the pulse wave can be given. The pulse height of 
the ejection wave in the pulse wave also has a correlation with extensibility of blood 
vessels in the same manner as the pulse height of the dicrotic notch in the pulse wave. 
As a relative index corresponding to the pulse height of the ejection wave, a ratio (or a 

20 first ratio) of a pulse height of the first rise point of one cycle of the pulse wave and a 
pulse height of the ejection wave can be given. 

[0012] The index extraction section may further extracts a reference index which is 
less dependent on the blood water content than the above first ratio, and may output a 
ratio of the index (or the first ratio) to the reference index. As the reference index, a 

25 ratio (or a second ratio) of the pulse height of the first rise point of one cycle of the 
pulse wave and a pulse height of a dicrotic wave can be given. In this case, the index 
extraction section outputs (the first ratio)/(the second ratio) as the index. 
[0013] The blood water content detection device may further comprise a low-cut 
section which removes a low frequency component due to changes caused by activities 

30 of an autonomic nervous system (excluding movement of blood vessels) from the pulse 



wave detected by the pulse wave detection section. The low frequency component is 
not a frequency component of a pulse wave which occurs when blood flows from aorta 
to peripheral vessels based on expansion and contraction of the heart, and is a frequency 
component lower than the frequency component of such pulse wave. The low 
5 frequency component becomes noise which is superimposed on the pulse wave. The 
pulse wave can be detected with high accuracy by eliminating the noise. 
[0014] The low-cut section may fiirther remove a low frequency component caused 
by body movement of a subject in a resting state. Even if the subject is in a resting 
state, there is body movement to maintain the resting state or because of other reasons. 
10 The body movement is not conscious quick movement of the limbs, but relatively slow 
movement. Therefore, since the low frequency component due to body movement is 
superimposed on the pulse wave and becomes noise, this low frequency component is 
also removed. 

[0015] The low-cut section may set the low-cut frequency range from 0.4 to 0.5 Hz. 

15 Noise can be effectively eliminated without impairing the featiires of the pulse 
waveform by removing the low frequency component by setting the low-cut frequency 
range from 0.4 to 0.5 Hz. The low frequency component due to changes caused by 
activities of an autonomic nervous system (excluding movement of blood vessels) and 
the low frequency component caused by the body movement of a subject in the resting 

20 state are lower than the low-cut frequency from 0.4 to 0.5 Hz. Moreover, the 
cheiracteristics of the pulse wave are not included in the frequency component lower 
than the low-cut frequency. 

[0016] The low-cut section may remove a low frequency component (about 0.1 Hz, 
for example) due to changes caused by the activities of the sympathetic nervous system 
25 such as a change in the muscle pump which occurs about every 10 seconds. 

[0017] The low-cut section may further remove a low frequency component (about 
0.15 Hz, for example) due to changes caused by activities of the parasympathetic 
nervous system such as respiratory activities. 

[0018] The low-cut section may be formed of a bandpass filter which sets the 
30 high-cut frequency range from 16 to 30 Hz. This enables a useless high frequency 



component exceeding the high-cut frequency to be removed. It suffices that the 
high-cut frequency be set at 30 Hz. The high-cut frequency may be set at 20 Hz or 16 
Hz. 

[0019] The blood water content detection device may further comprise a first 
5 differentiation section which differentiates the pulse wave from which the low 
frequency component has been removed; and a second differentiation section which 
differentiates the pulse wave differentiated by the first differentiation section. The 
characteristics of the pulse wave are fiirther exposed in a pulse waveform obtained by 
double differentiation of the pulse wave from which the low frequency component has 
10 been removed. 

[0020] The low-cut section and the first differentiation section may be formed by 
an analog differentiation circuit. The analog differentiation circuit may differentiate 
the pulse wave which is an analog signal output from the pulse wave detection section, 
and have high-pass characteristics. Altematively, the analog differentiation circuit 
15 may differentiate the pulse wave which is an analog signal output from the pulse wave 
detection section, and have bandpass characteristics. 

[0021] The blood water content detection device may further include a quantization 
section which quantizes output from the pulse wave detection section. In this case, the 
low-cut section may include a Fourier transformation section which performs Fourier 

20 transformation of quantized data, a digital filter which removes a frequency spectrum 
lower than the low-cut frequency, and an inverse Fourier transformation section which 
performs inverse Fourier transformation of output from the digital filter. In this case, 
at least one of the first differentiation section and the second differentiation section may 
be formed by a quantization differentiation section which calculates inclination of two 

25 different points on a time base. 

[0022] The quantization section may be formed of an analog-digital converter 

which performs automatic gain control in which the pulse wave is amplified so that 

amplitude of the pulse wave is equal to or greater than a predetermined amplitude level 

within a dynamic range. 

30 [0023] A second differential waveform which is output from the second 

9 



differentiation section may have five inflection points having pulse heights "a" to "e" on 
a time base in that order within one cycle; and the index extraction section may extracts 
the index based on at least one of the five pulse heights. 

[0024] The pulse heights "a" to "e" have no unit. The pulse heights "a" to "e" 
5 output from an amplifier are subjected to automatic gain control and output so that the 
maximum amplitude is obtained within the dynamic range. 

[0025] The pulse height "a" corresponds to the first rise point of one cycle of a 
pulse wave, and the pulse height "b" corresponds to the ejection wave. The pulse 
height "c" corresponds to the tidal wave, and the pulse height *'d" corresponds to the 

10 dicrotic notch. The pulse height "e" corresponds to the dicrotic wave. 

[0026] The pulse height "d" or the pulse height "b" of the second differential 
waveform may be extracted as the above index. In the case where the first ratio is used 
as the index, the pulse height ratio (d/a) or the pulse height ratio (b/a) may be extracted. 
In the case where (the first ratio)/(the second ratio) is used as the index, the pulse height 

15 ratio [(d/a)/(c/a)], the pulse height ratio [(b/a)/(c/a)], or the like may be extracted. The 
pulse height ratio [(d/a)/(b/a)] may also be used. 

[0027] According to another aspect of the present invention, there is provided a 
hemodialysis timing determination device comprising: the above blood water content 
detection device; and a determination section which determines the timing of 

20 hemodialysis based on the output of the blood water content detection device. 

[0028] The index output from the blood water content detection device has a 
correlation with the water increase rate or the water removal rate in blood of a chronic 
dialysis patient. Therefore, the determination section may compare the index output 
from the blood water content detection device with a comparative value corresponding 

25 to the time when hemodialysis is necessEiry (or a blood water content upper limit, or 
water increase upper limit), and determine the time when hemodialysis is necessary 
based on the comparison result. The determination section may compare the index 
output from the blood water content detection device with a comparative value 
corresponding to the time when hemodialysis is completed (or a blood water content 

30 lower limit, or water removal lower limit), and determine the time when hemodialysis is 



completed based on the comparison result. 
[0029] [Embodiments] 

The hemodialysis timing determination device having the blood water 
content detection device according to one embodiment of the present invention is 
5 described below with reference to the drawings. 

[0030] External configuration of hemodialysis timing determination device 

The hemodialysis timing determination device according to this 
embodiment is a portable type device which is attached to the wrist of a subject, for 
example. The hemodialysis timing determination device may have an extemal 

10 configuration as shown in FIGS. lA, IB, and IC. A hemodialysis timing 
determination device 10 includes a body 12 having a structure in the shape of a 
wristwatch, a cable 58 which is connected to a connector section 20 of the body 12 
through a connector piece 57, and a pulse wave detection section 60 provided to the end 
of the cable 58. A wrist band 56 is attached to the body 12, and the body 12 is 

15 installed on the wrist of a subject by using the wrist band 56. 

[0031] The body 12 includes the connector section 20. The connector piece 57, 
which is the end of the cable 58, is removably attached to the connector section 20. 
[0032] FIG. IC shows the connector section 20 from which the connector piece 57 
is removed. The connector section 20 includes cormection pins 21 which are 

20 connected with the cable 58, an LED 22 and a phototransistor 23 for transferring data, 
and the like. 

[0033] A display section 54 consisting of a liquid crystal panel is formed on the 
surface side of the body 12. The display section 54 has a segment display region, a dot 
display region, and the like. The display section 54 displays an index in the pulse 
25 wave which changes depending on the blood water content, the time of hemodialysis 
determined based on the index, and the like. A display device other than a liquid 
crystal panel may be used as the display section 54. 

[0034] The body 12 includes a central processing unit (CPU) which controls 

various calculations and conversions, and a memory which stores a program for 

30 operating the CPU and the like (not shown). Button switches 14 for performing 

11 



various operations and input are provided on the periphery of the body 12. 
[0035] As shown in FIG IB, the pulse wave detection section 60 is installed near 
the root of the forefinger of a subject while being shaded by a sensor securing band 62. 
Since the length of the cable 58 is decreased by installing the pulse wave detection 
5 section 60 near the root of the finger, the subject is not disturbed if the pulse wave 
detection section 60 is installed. Moreover, since the change in blood flow due to 
temperature is small near the root of the finger in comparison with the fingertip, the 
pulse waveform to be detected is comparatively less influenced by temperature or the 
like. 

10 [0036] Pulse wave detection section 

As shown in FIG. 2, the pulse wave detection section 60 includes an LED 
64, a phototransistor 65, and the like so that the peripheral pulse wave can be detected 
noninvasively, specifically, without breaking the skin. The pulse wave detection 
section 60 utilizes a phenomenon in which the pulse waveform is almost the same as the 

15 waveform of a change in blood flow (plethysmogram waveform), and detects the pulse 
wave (plethysmogram) by using a photosensor formed to emit light to a capillary plexus 
and to detect a change in the amount of light reflected by or transmitted through the 
blood in the capillary blood vessel. 

[0037] In more detail, when a power supply voltage is applied to the pulse wave 
20 detection section 60 by turning on a switch SW, light is emitted from the LED 64. The 
emitted light is reflected by the blood vessel or tissue of the subject and received by the 
phototransistor 65. Therefore, a photocurrent of the phototransistor 65 is converted 
into a voltage and output as a signal PTG of the pulse wave detection section 60. 
[0038] The emission wavelength of the LED 64 is selected near the peak of the 
25 absorption wavelength of hemoglobin in blood. Therefore, the light receiving level 
changes depending on the blood flow. Therefore, the pulse waveform is detected by 
detecting the light receiving level. As the LED 64, an InGaN 
(indium-gallium-nitrogen) based blue LED is suitably used. The emission spectrum of 
the LED may have an emission peak at about 450 nm and an emission wavelength 
30 region ranging from 350 to 600 nm. 



[0039] In this embodiment, a GaAsP (gallium-arsenic-phosphorus) based 
phototransistor may be used as the phototransistor 65 corresponding to the LED having 
the above emission characteristics. The phototransistor 65 may have a main sensitivity 
region at 300-600 nm and also have a sensitivity region at 300 nm or less. 
5 [0040] The pulse wave can be detected in a wavelength region of 300-600 nm by 
combining the blue LED 64 with the phototransistor 65. This contributes to the 
following advantages. 

[0041] Since light having a wavelength region of 700 nm or less contained in 
external light is rarely transmitted through the tissue of the finger, the light having a 

10 wavelength region of 700 nm or less does not reach the phototransistor 65 through the 
tissue of the finger even if external light is applied to the finger in the area in which the 
finger is not covered with the sensor securing band. Only light having a wavelength 
region which does not influence detection of the pulse wave reaches the phototransistor 
65. Light having a wavelength region smaller than 300 nm is almost completely 

15 absorbed on the surface of the skin. Therefore, the substantial light receiving 
wavelength region is 300 to 700 nm even if the light receiving wavelength region is set 
to 700 nm or less. Therefore, the influence of extemal light can be prevented without 
entirely covering the finger. Hemoglobin in blood has a large absorption coefficient 
for light having a wavelength of 300 to 700 nm, which is several to about one hundred 

20 times or more greater than the absorption coefficient for light having a wavelength of 
880 nm. Therefore, if light having a wavelength region for which the absorption 
coefficient of hemoglobin is great (300 to 700 nm) is used as the detection light as in 
this example, the detected value changes with high sensitivity corresponding to the 
change in blood flow. Therefore, the SN ratio of the pulse waveform based on the 

25 change in blood flow can be increased. 

[0042] The pulse wave detection section 60 takes the pulse wave which changes 
corresponding to the blood flow (plethysmogram) as the change in the amount of 
erythrocytes in the capillary plexus present near the skin, and detects the pulse wave as 
the change in the amount of transmission or reflection of light applied to the skin. 

30 Therefore, the pulse wave can be detected without placing the sensor at the position of 



the peripheral artery such as the radial artery or digital artery. Therefore, the pulse 
wave detection section 60 is capable of stably detecting the change in the amount of 
erythrocytes in the capillary blood vessel present near the skin as the pulse wave 
(plethysmogram) in the peripheral artery. 
5 [0043] Basic functional block configuration and low-cut section 

FIG. 3 is a functional block diagram showing the hemodialysis timing 
determination device 10 according to this embodiment. The hemodialysis timing 
determination device 10 shown in FIG. 3 includes a low-cut section 70, an index 
extraction section 80, a hemodialysis timing determination section 90, and a notification 

10 section 100 in addition to the pulse wave detection section 60. The low-cut section 80 
is not necessarily an indispensable component. The time of hemodialysis is preferably 
determined after resting or at least in a resting state for a subject to whom the 
hemodialysis timing determination device 10 is attached. However, a low fi-equency 
component due to changes caused by activities of the autonomous nervous system 

15 (excluding movement of blood vessels) of the subject, or a low frequency component 
caused by movement of the body of the subject (body movement) in a resting state is 
superimposed on the pulse wave to be detected even after resting or in a resting state. 
Such a low frequency component becomes noise when detecting the blood water 
content. Detection accuracy can be increased by eliminating the noise by using the 

20 low-cut section 70. The details of the low-cut section 70 are described later. 
[0044] Pulse waveform and index extraction section 

FIG. 4 is a characteristic diagram showing a typical pulse waveform in an 
artery such as the radial artery. The pulse wave in one cycle shown in FIG. 4 has peaks 
including a first rise point PO of one cycle of the pulse wave, an ejection wave PI, a 

25 tidal wave P2, a dicrotic notch P3, and a dicrotic wave P4. 

[0045] According to an experiment conducted by the present inventor, it was 
confirmed that the ejection wave PI or the dicrotic notch P3 among the above features 
of the pulse wave changes depending on extensibility of blood vessels, and therefore is 
an index which cheinges depending on the blood water content. The extensibility of 

30 blood vessels is dependent on the volume of blood, and the volume of blood is 



increased as the blood water content is increased. Since the blood water content of a 
hemodialysis patient is increased after hemodialysis, the time at which the blood water 
content exceeds a predetermined value can be determined as the time when 
hemodialysis is necessary based on the ejection wave PI or the dicrotic notch P3 as the 
5 index. 

[0046] The index extraction section 80 shown in FIG. 3 extracts the index based on 
the ejection wave PI or the dicrotic notch P3. The hemodialysis timing determination 
section 90 shown in FIG. 3 determines the time of hemodialysis based on the index 
extracted by the index extraction section 80. 

10 [0047] The index extraction section 80 may extract the index from the pulse wave 
shown in FIG. 4. However, the index extraction section 80 may extract the index 
based on a second differential waveform of the pulse wave. The features of the pulse 
wave shown in FIG. 4 become more significeint in the second differential waveform. 
As shown in FIG. 5, a first differentiation section 110 and a second differentiation 

15 section 120 may be further provided in addition to the basic functional block 
configuration shown in FIG. 3. 

[0048] FIG. 6A is a waveform chart showing an original waveform PTG of the 
pulse wave detected by the pulse wave detection section 60 (or the pulse wave from 
which a low frequency component is removed by the low-cut section 70). FIG. 6B is a 

20 waveform chart showing a first differential waveform FDPTG (velocity waveform) 
obtained by differentiating the original waveform PTG by the first differentiation 
section 110. FIG. 6C is a waveform chart showing a second differential waveform 
SDPTG (acceleration waveform) obtained by differentiating the first differential 
waveform FDPTG by the second differentiation section 120. As shown in FIG. 7, the 

25 second differential waveform SDPTG has five more definite inflection points than the 
original waveform PTG. The pulse heights of the five inflection points are referred to 
as a to e. 

[0049] The pulse height "a" corresponds to the first rise point PO of one cycle of the 
pulse wave. The pulse height "b" corresponds to the ejection wave PI. The pulse 
30 height "c" corresponds to the tidal wave P2. The pulse height "d" corresponds to the 



dicrotic notch P3. The pulse height "e" corresponds to the dicrotic wave P4. Since 
the ejection wave PI or the dicrotic notch P3 is the index which changes depending on 
the blood water content, the index extraction section 80 may extract the pulse height "b" 
or the pulse height "d" as the index. 
5 [0050] The pulse height "b" or the pulse height "d" may be extracted as an absolute 
value. However, the absolute value may differ depending on a change in physical 
condition, a change in amplification factor, influence of noise, and the like, even if the 
blood water content is the same. 

[0051] Therefore, the index extraction section 80 preferably calculates the ratio of 
10 the pulse height "b" or the pulse height "d" to the pulse height which can become a 
reference value of the pulse height of the pulse wave, such as the pulse height "a". 
Specifically, the index extraction section 80 calculates the ratio b/a or the ratio d/a. 
[0052] In the case where the ratio b/a or the ratio d/a is defined as a first ratio, the 
index extraction section 80 may further extract a reference index which is less 
15 dependent on the blood water content than the first ratio. As the reference index, a 
ratio (second ratio) of the pulse height "c" which corresponds to the dicrotic notch P3 to 
the pulse height "a" which corresponds to the first rise point PO of one cycle of the pulse 
wave can be given. In this case, the index extraction section 80 calculates the ratio of 
the index (first ratio) to the reference index (second ratio), specifically, the pulse height 
20 ratio [(d/a)/(c/a)] or the pulse height ratio [(b/a)/(c/a)]. The index extraction section 80 
may calculate the pulse height ratio [(d/a)/(b/a)]. This enables the blood water content 
to be detected with higher accuracy. 

[0053] (Correlation between index b/a or d/a and blood water content) 

The present inventor attached the device of the present invention to chronic 

25 dialysis patients, and measured the index b/a and the index d/a. The index b/a and the 
index d/a were measured twice during dialysis, as shown in FIG. 8. The measurement 
(1) was conducted after 55 to 75 minutes has elapsed after starting dialysis, and the 
measurement (2) was conducted immediately after the completion of dialysis, or in a 
period between 15 minutes before the completion of dialysis and the completion of 

30 dialysis. 



[0054] Hemodialysis was carried out by connecting the blood vessel of the patient 
to the dialyzer through the shunt utilizing an extracorporeal circulation circuit that 
transferred unnecessary substances to the dialysate, transferred useful substances to the 
blood, and returned the blood after dialysis to the body. 
5 [0055] FIGS. 9 and 10 show the measurement resuhs. In FIGS. 9 and 10, the 
horizontal axis indicates the water removal rate (%) from blood obtained by 
hemodialysis. The vertical axis in FIG 9 indicates the index b/a, and the vertical axis 
in FIG. 10 indicates the index d/a. 

[0056] As shown in FIG. 9, the index b/a had a negative correlation with the water 

10 removal rate in the me£isurements (1) and (2). As shown in FIG. 10, the index d/a had 
a positive correlation with the water removal rate in the measurements (1) and (2). 
[0057] Therefore, if the device of the present invention is attached to the patient 
during hemodialysis and the index is monitored during the hemodialysis, time at which 
hemodialysis should be terminated can be judged. In more detail, the hemodialysis 

15 time judgment section 90 shown in FIG 5 stores the water removal lower limit (blood 
water content lower limit) corresponding to the measurement (2) as a comparative value. 
The judgment section 90 judges the hemodialysis finish time by comparing the index 
output from the index extraction section 80 with the comparative value. 
[0058] Since the chronic dieilysis patient cannot remove wastes and water by 

20 himself after hemodialysis, the blood water content is increased after hemodialysis. 
Therefore, the blood water content is gradually increased after hemodidysis, and the 
amount of water is increased differing from water removal during hemodialysis. 
Therefore, in the case where the device of the present invention is attached to the 
chronic dialysis patient in daily life, the index b/a has a positive correlation with the 

25 water increase rate, and the index d/a has a negative correlation with the water increase 
rate differing from FIGS. 9 and 10. FIGS. 11 and 12 show the relations between the 
index b/a and the index d/a and the water increase rate estimated based on FIGS. 9 and 
10. 

[0059] The hemodialysis time judgment section 90 shown in FIG. 5 judges that the 
30 next hemodialysis time has come when the index b/a or the index d/a reaches the 



comparative value (blood water content upper limit or water increase upper limit) 
shown in FIG 11 or 12. The comparative value is the index b/a or the index d/a 
corresponding to the water increase rate (70%, for example) at the hemodialysis start 
time. The notification section 100 shown in FIG. 5 notifies the patient (subject) of the 
5 hemodialysis time based on output of the hemodialysis time judgment section 90. The 
hemodialysis time judgment section 90 and the notification section 100 shown in FIG 3 
notify the patient or doctor of the start time or finish time of hemodialysis in the same 
manner as in FIG 5, although the index differs from the index in FIG 5. 
[0060] Low-cut section 
10 The low-cut section 70 for improving accuracy of detection or 

determination is described below. 

[0061] The low-cut section 70 removes a low frequency component due to changes 
caused by activities of the autonomic nervous system (excluding movement of blood 
vessels) from the pulse wave detected by the pulse wave detection section 60. Such a 

15 low frequency component is not a frequency component of the pulse wave which occurs 
when the blood flows fi-om the aorta to the peripheral vessels based on expansion £ind 
contraction of the heart, and is a frequency component lower than the fi-equency 
component in the pulse wave. Since the low frequency component is superimposed on 
the pulse wave and becomes noise, the pulse wave can be detected stably by eliminating 

20 the noise. 

[0062] The low-cut section 70 may also remove a low frequency component caused 
by body movement of a subject in a resting state. Even if the subject is in a resting 
state, the body of the subject is moving (body movement) in order to maintain the 

j resting state. The body movement is comparatively slow differing from the case where 

i 

25 the subject rapidly moves the limbs consciously. Therefore, since the low frequency 

I component originating from the body movement is superimposed on the pulse wave and 

becomes noise, this low frequency component is also removed. 

I [0063] It is preferable that the low-cut section 70 sets the low-cut frequency range 

from 0.4 to 0.5 Hz in order to remove the low fi-equency component due to changes 

30 caused by activities of the autonomic nervous system (excluding movement of blood 

18 



vessels) and the low frequency component caused by the body movement. The 
features of the pulse wave are not included in the low frequency component lower than 
the above low-cut frequency. Moreover, such a low frequency component becomes 
noise. As changes caused by activities of the autonomic nervous system, changes 
5 caused by activities of the sympathetic nervous system and the parasympathetic nervous 
system can be given. As the low frequency component due to changes caused by 
activities of the sympathetic nervous system, a low frequency component due to 
changes in the muscle pump fiinction which occurs about every 10 seconds (about 0.1 
Hz, for example), and the like can be given. As a low frequency component due to 
10 changes caused by activities of the parasympathetic nervous system, a low frequency 
component caused by respiratory activities (about 0.15 Hz, for example), and the like 
can be given. 

[0064] The low-cut section 70 may be formed by a band-pass filter in which a 
high-cut frequency is set in the range of 16 to 30 Hz in addition to the above low-cut 
15 frequency. This enables a useless high frequency component exceeding the high-cut 
frequency to be removed in addition to the low frequency component. It suffices that 
the high-cut frequency be set at 30 Hz. The high-cut frequency may be set at 20 Hz or 
16 Hz. 

[0065] Specific configuration example 1 

20 FIG. 13 is a block diagram showing the pulse wave detection section 60 to 

the second differentiation section 120 in the fiinctional block shown in FIG. 5 in more 
detail. FIG. 14 is a circuit diagram of the low-cut section. As shown in FIG. 13, the 
configuration example 1 includes the pulse wave detection section 60, an einalog 
differentiation circuit 130, a quantization section 140, and the second differentiation 

25 section 120. The analog differentiation circuit 130 has a function of a high-cut section 
in addition to the functions of the low-cut section 70 and the first differentiation section 
110 shown in FIG. 5. In other words, the analog differentiation circuit 130 has a 
bandpass function. The analog differentiation circuit 130 may have a high-peiss 
function instead of the bandpeiss function. In both cases, a low frequency component 

30 lower than a low-cut frequency of 0.4 to 0.5 Hz can be cut. 



[0066] As shown in FIG. 14, the analog differentiation circuit 130 may have a 
configuration in which elements CI to C3 and Rl and R2, each having a predetermined 
constant, are connected to a positive input terminal, a negative input terminal, and a 
negative feed-back path of an operational amplifier 132. The analog differentiation 
5 circuit 130 is provided with a bandpass function which allows a frequency component 
in a frequency band of 0.4 to 30 Hz, 0.4 to 20 Hz, or 0.4 to 16 Hz to pass depending on 
setting of the constants of these elements. The low-cut frequency is set at 0.4 to 0.5 
Hz. 

[0067] The quantization section 140 is an analog-digital converter which quantizes 
10 the analog signal output from the analog differentiation circuit 130 to convert the aneilog 
signal into a digital signal as shown in FIG 15 A. As the quantization method, various 
conventional methods may be employed. In the case where the light emitting element 
64 is tumed on and off by using the switch SW shown in FIGS, 2 and 14, since the 
output waveform has been sampled by the switching, the signal is sampled at a 
15 sampling rate equivalent to the switching cycle. In this case, the quantization section 
120 preferably amplifies the input signal so that the amplitude of the output signal is 
equal to or greater than a predetermined level within the dynamic range by using an 
automatic gain control (AGC) function. The vascular bed under the skin of the subject 
is present in the light transmission path between the light emitting element 64 and the 
20 light receiving element 65 of the pulse wave detection section 60. Therefore, the 
output signal of the pulse wave detection section 60 must be appropriately amplified 
within the dynamic range. 

[0068] The second differentiation section 120 shown in FIG. 13 is a quantization 
differentiation section which obtains the amount of change (or inclination) of two 

25 different points on the time base shown in FIG. 1 5A. In more detail, as shown in FIG 
16, the second differentiation section 120 may be formed by first and second storage 
sections 124 and 126 in which data is altemately stored by using a switch 122, and a 
digital subtracter 128 which calculates the difference between the data output from the 
first and second storage sections 124 and 126. FIG 15A is a waveform chart showing 

30 a quantization waveform and a differential waveform of the quantization waveform. A 



second differential waveform shown as FIG. 15B in the chart is the amount of change of 
the data shown as FIG 1 5 A in the chart. 
[0069] Experimental example 

The original waveform PTQ the first differential waveform FDPTG;, and the 
5 second differential waveform SDPTG of three subjects A to C were collected while 
changing the bandpass characteristics of the analog differentiation circuit 130. As the 
bandpass band, the high-cut frequency was 16 Hz, and the low-cut frequency was 0.1 
Hz (Comparative Example 1), 0.2 Hz (Comparative Example 2), 0.43 Hz (Example 1), 
and 0.6 Hz (Comparative Example 3). 

10 [0070] The index b/a was calculated from each second differential waveform 
SDPTG detected in this manner. The index b/a changes depending on the blood water 
content of each subject, and has a positive correlation with the age of the subject as 
shown in FIG 19. From the results for the above measurement, it was confirmed that 
the index -b/a (= 1.12) of the second differential waveform SDPTG in Example 1 for a 

15 subject A is an optimum value for the age of the subject A. 

[0071] The measurements were also carried out for a subject B who is older than 
the subject A and a subject C who is younger than the subject A. The index -b/a of the 
subject B measured in Example 1 was 1.18, and the index -b/a of the subject C 
measured in Example 1 was 0.89. The correlation that "age of subject C < age of 

20 subject A < age of subject B" coincides with the correlation that "index of subject C 
(0.89) < index of subject A (1.12) < index of subject B (1.18)" in the order of age. 
Therefore, it was confirmed that the low-cut frequency in Example 1 (0.43 Hz) is 
optimum as the low-cut frequency of the bandpass characteristics as compared to 
Comparative Examples 1 to 3. As described above, 0.4 to 0.5 Hz is optimum as the 

25 low-cut frequency, and it is not preferable that the low-cut frequency be lower (0.1 Hz 
and 0.2 Hz) or higher (0.6Hz) than 0.4 to 0.5 Hz as in Comparative Examples 1 to 3. 
[0072] Specific configuration example 2 

FIG. 17 shows a modification example in which the quantization section 
140 is provided between the pulse wave detection section 60 and the low-cut section 70. 

30 The fimction of the quantization section 140 is the same as that shown in FIG 13. The 



functions of the first and second differentiation sections 110 and 120 are the same as 
those shown in FIG. 13. One of the first and second differentiation sections 110 and 
120 may be an analog differentiation circuit. 

[0073] As shown in FIG. 18, the low-cut section 70 shown in FIG. 17 includes a 
5 Fourier transformation section 72 which performs Fourier transformation of the 
quantized data, a digital filter 74 which removes a frequency spectrum lower than the 
low-cut frequency, and an inverse Fourier transformation section 76 which performs 
inverse Fourier transformation of the output of the digital filter. A low frequency 
component can be removed by removing the frequency spectrum lower than the low-cut 
10 frequency among the frequency spectra obtained by Fourier transformation. 

[0074] The low-cut section 70 may process the analog signal. The quantization 
section 140 may be provided between the low-cut section 70 and the first differentiation 
circuit 110, and the first and second differentiation sections 110 and 120 may be formed 
as digital differentiation circuits. 
15 [0075] The present invention is not limited to the above-described embodiments. 
Various modifications and variations are possible within the spirit and scope of the 
present invention. 
[Brief Description of the Drawings] 

[Fig.l] FIGS. lA, IB and IC are extemal views showing a blood water 

20 content detection device according to the embodiment of the present invention. 

[Fig.2] FIG 2 is a circuit diagram showing an example of the circuit 
configuration of a pulse wave detection section in FIG 1. 

[Fig.3] FIG 3 is a block diagram showing basic functions of the embodiment of 
the present invention. 

25 [Fig-4] FIG. 4 is a waveform chart showing one cycle of a pulse wave detected 

by the pulse wave detection section. 

[Fig.5] FIG 5 is a functional block diagram in which first and second 
differentiation sections are added to the block diagram of basic functions of FIG 3. 

[Fig. 6] FIG 6 A is a waveform chart showing an original waveform of a 
30 detected pulse wave; FIG 6B is a waveform chart showing a first differential waveform 



of the original waveform of FIG. 6A; and FIG 6C is a waveform chart showing a second 
differential waveform of the original waveform of FIG 6A. 

[Fig. 7] FIG 7 is a schematic diagram for illustrating characteristics of a second 
differential waveform, 

5 [Fig. 8] FIG 8 is a schematic diagram for illustrating measurement time of the 

experiments carried out during hemodialysis. 

[Fig.9] FIG. 9 is a characteristic diagram showing a correlation between an 
index b/a and a water removal rate. 

[Fig. 10] FIG. 10 is a characteristic diagram showing a correlation between an 
10 index d/a and a water removal rate. 

[Fig. 11] FIG 11 is a characteristic diagram showing a correlation between an 
index b/a and a water increase rate. 

[Fig. 12] FIG. 12 is a characteristic diagram showing a correlation between an 
index d/a and a water increase rate. 
15 [Fig. 13] FIG 13 is a block diagram showing the specific configuration 1 of 

circuits on stages following the low-cut circuit. 

[Fig. 14] FIG 14 is a circuit diagram of an analog differentiation circuit shown in 
FIG 13. 

[Fig. 15] FIG 15A is a waveform chart showing a quantization waveform and 
20 FIG 15B is a differential waveform of the quantization waveform. 

[Fig. 16] FIG. 16 is a block diagram showing a configuration example of a 
second differentiation section shown in FIG 13. 

[Fig. 17] FIG 17 is a block diagram showing the specific configuration 2 of 
circuits on stages following the low-cut circuit. 
25 [Fig. 1 8] FIG. 1 8 is a circuit diagram of a low-cut section shown in FIG. 1 7. 

[Fig. 19] FIG 19 is a characteristic diagram showing the correlation between an 
index (-d/a) and the age of subjects. 
[Explanation of Reference Numerals] 

1 0 HEMODIALYSIS TIMING DETERMINATION DEVICE 
30 60 PULSE WAVE DETECTION SECTION 



64 LED 

65 PHOTOTRANSISTOR 
70 LOW-CUT SECTION 

72 FOURIER TRANSFORMATION SECTION 
5 74 DIGITAL FILTER 

76 INVERSE FOURIER TRANSFORMATION SECTION 
80 INDEX EXTRACTION SECTION 

90 HEMODIALYSIS TIMING DETERMINATION SECTION 
100 NOTIFICATION SECTION 
10 110 FIRST DIFFERENTIATION SECTION 

120 SECOND DIFFERENTIATION SECTION 
122 SWITCH 

1 24, 1 26 FIRST AND SECOND STORAGE SECTION 

128 DIGITAL SUBTRACTER 
15 130 ANALOG DIFFERENTIATION CIRCUIT (LOW-CUT SECTION + FIRST 

DIFFERENTIATION SECTION + HIGH-CUT SECTION) 

132 OPERATIONAL AMPLIFIER 

140 QUANTIZATION SECTION 

PTG ORIGINAL WAVEFORM 
20 FDPTG FIRST DIFFERENTIAL WAVEFORM 

SDPTG SECOND DIFFERENTIAL WAVEFORM 
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[Title of the Document] ABSTRACT 
[Abstract] 

[Object] To provide a blood water content detection device which enables a change in 
state inside the body to be recognized after hemodialysis by detecting the blood water 
content of the chronic dialysis patient. 

[Arrangement] A blood water content detection device 10 includes a pulse wave 
detection section 60 which noninvasively detects a peripheral pulse wave, and an index 
extraction section 80 which extracts an index which changes depending on a blood 
water content from the detected pulse wave. The blood water content detection device 
10 may include a low-cut section 70 which removes a low frequency component which 
becomes noise from the pulse wave detected by the pulse wave detection section 60. 
The blood water content detection device may further include first and second 
differentiation sections 110, 120. The index extraction section 80 extracts a pulse 
height ratio (b/a) or (d/a) of a second differential waveform as the index, for example. 
[Selected Figure] FIGS 



25 



.60 



L. _ 




J. 



60 



10 



J- 



90 



w i rioo 



J 



[g]5] 




60 



120 



10 



90 



i aIOO 



1 



1 

m 



3, 



ggl 


i 












i® 


Ml 





[119] 



b/a 



O 
I 



I 



0.0 



[mio] 



d/a 



o 
I 



I 

LO 



0.0 



[011] 



b/a 



in 

T 
T 



b/a 







— — 


— mm® 






1 1 














X * 












X 



2.0 



||fe7K¥(%) 
d/a 



1. 



8.0 







— »« — mmo 
— A- - mm® 




1 A 1 


X- 1 X 




® -r=«r^ 

X ^ — • wA 

A 


^ A ^ 
A 



2.0 



4.0 ^ 



6.0 



8.0 



20 40 60 80 



in 
o 

d/a o 

in 



in 




' 0 20 40 60 80 

[@13] 











' r130 






- r140 








1 


r r120 









[11114] 

Vcc 




[@15] 



(A) 



(B) 



11 



[^16] 



122 



17] 



[@18] 



124 



126 







r r140 












r rllO 






r ^120 





128 




70 



r72 




^74 






FFT 








iSFFT 




^ 







FIG.3 

60 PULSE WAVE DETECTION SECTION 

70 LOW-CUT SECTION 

80 INDEX EXTRACTION SECTION 

90 HEMODIALYSIS TIMING DETERMINATION SECTION 

100 NOTIFICATION SECTION 

FIG4 

PI EJECTION WAVE 

P2 TIDAL WAVE 

P3 DICROTIC NOTCH 

P4 DICROTIC WAVE 

FIGS 

60 PULSE WAVE DETECTION SECTION 

70 LOW-CUT SECTION 

110 FIRST DIFFERENTIATION SECTION 

120 SECOND DIFFERENTIATION SECTION 

80 INDEX EXTRACTION SECTION 

90 HEMODIALYSIS TIMING DETERMINATION SECTION 

100 NOTIFICATION SECTION 

FIG.7 

1 BASELINE 
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FIG 11 

1 COMPARATIVE VALUE 

2 WATER INCREASE RATE (%) 

FIG 12 

1 COMPARATIVE VALUE 

2 WATER INCREASE RATE (%) 

FIG. 13 

60 PULSE WAVE DETECTION SECTION 

130 ANALOG DIFFERENTIATION CIRCUIT (LOW-CUT SECTION 70 + 

FIRST DIFFERENTIATION SECTION + HIGH-CUT SECTION 110) 

140 QUANTIZATION SECTION 

120 SECOND DIFFERENTIATION SECTION 

FIG. 16 

124 FIRST STORAGE SECTION 
126 SECOND STORAGE SECTION 
128 DIGITAL SUBTRACTER 

FIG 17 

60 PULSE WAVE DETECTION SECTION 

140 QUANTIZATION SECTION 
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120 SECOND DIFFERENTIATION SECTION 
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74 DIGITAL FILTER 
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